Occlusion: This is characterized by an excessive anterior overbite associated with a large freeway space. The cheek tooth occlusion is satisfactory and they are in good functional occlusion.
Epidemiology is an ancient branch of medical science. For centuries diseases have been studied ip human and animal populations to discover not only the details of their prevalence and distribution but also the factors that may influence their occurrence. A great many medical successes have their origin in epidemiological findings; once the factors associated with a disease are known, it may be found possible to interfere with them and so to develop methods of prevention or control. Epidemiology has been defined as a disciplined method of learning by experience.
In the field of dentistry there is a need for more epidemiological work. Morpurgo (1963) remarked on the shortage of information about dental and allied conditions in Britain; this is a valid criticism of this aspect of dental research.
The purpose of the dental epidemiologist is twofold. First, he acts as a registrar, faithfully recording the occurrence of selected conditions in different samples of the population. This gives basic information that the dental profession and the public health authorities should have. By regular examinations the rise and fall in the incidence of these conditions can be observed and the reasons for significant variations can be sought and elucidated.
Second, he is a seeker after anomalies. Unexplained differences in dental disease between groups that are otherwise comparable are sometimes discovered by accident; for example, the case of the pre-fluoridation dental examinations in Napier and Hastings, where the relationship between molybdenum and dental caries was demonstrated." Indeed the discovery of the association between dental caries and fluoride was itself accidental; it is interesting to speculate whether this relationship would have yet been discovered had it not been for the obvious, enamel changes that occur at excessive levels of this trace element. No doubt there are other associations yet to be discovered.
One of the main barriers to successful epidemiological surveys, in the dental field, has been the difficulty in standardizing the findings. In the past many investigators have tabulated their data without adequately defining their diagnostic criteria; and so, although their results were useful and interesting, subsequent workers in the same field have found that exact comparisons were impossible. Sometimes, worse still, incomparable findings have been compared and invalid conclusions drawn. The medical and dental literature often contains examples of this, even now.
Dental caries presents a particular problem to the epidemiologist. Its ubiquity throughout the civilized world means that it is necessary to express its prevalence in quantitative terms; simple 'present or absent' criteria are now of very limited value, except in special cases. This increases the. possibility of errors caused by diagnosticvariation, usually arising from differences of opinion concerning the lowest level at which a tooth may, with confidence, be regarded as carious. To reduce the subjective element during examination, it is essential to establish standards of diagnosis that are practical and reproducible and for these standards to be universally recognized by all workers in this field. Some progress is being made in this matter.
Dental Surveys
Surveys of dental caries may be longitudinal or static. An example of a mixed longitudinal survey is that undertaken by James and Parfitt in connexion with the Harpenden Growth Study (Tanner 1962) . Children participating in this investigation were examined at least twice a year between 1950 and 1962 and their dental caries was recorded at each examination. Detailed analysis of the data is not yet complete but'preliminary scrutiny indicates that in this group there has been a considerable increase in caries over the period 1950-59. In 1950 the average child aged between 12 and 15 years had approximately three decayed teeth. 'Ludwig et al. (1960) This mean DMF value has risen steadily with the years, and in 1959 the mean number of decayed teeth in children of this age was just over seven. This information should not be extrapolated and does not in itself prove that the general dental caries rate is rising in the whole population. But seen in conjunction with the findings of other workers (Mellanby & Mellanby 1930 , Slack 1955 , Bransby & Forrest 1958 , who have also demonstrated an upward trend in widely separated groups, it provides corroborative evidence for this worsening of the nation's teeth. Epidemiological findings of this sort are important in deciding national policies for dental treatment and caries prevention measures.
The static survey is designed to measure the prevalence of dental disease at the time of examination, and generally involves the scrutiny of random samples in selected age groups. Such a survey was carried out on 1,273 children aged 11-13 years in high and low fluoride areas ofEast Anglia. Three comparable groups of children were examined for dental and allied conditions using a standard technique of registration and recording. The samples were drawn from three distinct areas, each having a different concentration of fluoride occurring naturally in its public water supply. In one district the fluoride level was variable but significant (1 2-2 parts per million); in another it was negligible (0-2 part per million); in the third fluoride occurred intermittently in varying concentrations, sometimes at significant levels and sometimes not. These three districts represented respectively a high fluoride area, a low fluoride area, and an intermediate area.
Dental Fluorosis
The most sensitive index of the fluoride content of drinking water is the prevalence and degree of endemic enamel fluorosis among the population consuming it. In this investigation the high fluoride area had a range of fluoride concentration above the recommended public health level of one part per million. Enamel fluorosis has been observed in England by Parfitt (1955) and Forrest (1956) and others at fluoride concentrations of more than 1 5 parts per million, and as a result of this 40 % of the high fluoride area residents showed endemic enamel opacities at the level described by Dean & Arnold (1943) as 'mild' or 'very mild'; there was some typical white flecking of the enamel, and this, when it occurred, affected most of the teeth. A further 11 % showed a little brownish tinge in addition to the white flecking, usually on first permanent molars, but occasionally on the incisal third of upper incisors. In spite of this degree of enamel fluorosis, teeth in this area had an excellent appearance compared with those in other districts; many of them had that hard glassy sheen that the experienced clinician associates with resistance to decay. The white flecking was inconspicuous and seemed to add rather than detract from the appearance of the teeth, but the occurrence of even the mildest of brown mottling confirmed that the level of fluoride in the water was too high for optimum public health purposes. In spite of this, no mottling of a disfiguring nature was seen although extreme cases do occur in nearby districts, where the fluoride concentration of water is much higher, nearly six parts per million in some places.
The intermediate fluoride area also showed some dental fluorosis, but to a lesser extent; about 25 % of children were affected by inconspicuous white flecks on the teeth. As one would expect, there was no endemic mottling in the low fluoride area. This picture of the relative fluorosis seen in the three districts confirms the comparative fluoride levels in the different waters.
Non-fluoride enamel opacities were also recorded at the dental examinations. These are usually of a different appearance from those produced by fluoride; they tend to be larger and more opaque, and their distribution on the teeth is different; fluoride mottling affects several groups of teeth and the distribution is usually bilateral and fairly symmetrical. Non-fluoride opacities seldom affect more than one or two teeth and there is often no symmetrical arrangement (Jackson 1962) . It has been suggested that these opacities occur more frequently in low fluoride areas than in high; and this was confirmed in the present investigation; 22 % of subjects showed non-fluoride enamel defects in the high fluoride area; 32% in the intermediate area, and 54 % in the low fluoride area. This finding is in agreement with Zimmerman (1954) in the United States, and Forrest (1956) in Britain. Parfitt (1955) reported that over 50 % of London children had non-fluoride enamel opacities.
Dental Caries
The prevalence of dental caries in this East Anglian region was found to vary inversely with the fluoride concentration in the water supply and is therefore in agreement with all previous work on this subject. The findings have previously been reported (James 1961) . blind comparison between children in this area, and clearly demonstrated the advantage of the continuous over the non-continuous residents, although many of the latter had been resident for long periods and had gained some benefit. Fig 3 shows the different proportions of sound first permanent molars in the three categories and this demonstrates that the advantages of the fluoride were still very evident in these teeth about six years after their exposure to the oral environment. If the benefit was transient, with only a few years' delaying action, then after this time no appreciable difference would be expected between teeth that were formed in the presence of fluoride and those that were not, especially when the index was the relatively crude DMF measurement.
Deposits on the Teeth
When teeth are erupted and exposed to the oral environment they are subject to local factors that play their part in determining whether or not susceptible areas of tooth surface become carious. Some of these factors are not visible or tangible and therefore cannot be measured in a clinical examination. Others, such as debris, calculus and extrinsic stains, are evident; and these were recorded at the present investigation.
Debris
Debris on and about the teeth was assessed for each child and a classification of dental cleanliness made according to an arbitrary scale (James et al. 1960) . Only 30% of the children were found to have clean teeth and 25% had very dirty teeth. Girls were markedly better than boys in this respect; twice as many girls as boys had clean teeth, and twice as many boys as girls had very dirty teeth. The sex difference observed was probably due to the better oral hygiene habits practised by girls at this age, a fact that has been reported in other investigations (Davis et al. 1956 ). Mansbridge (1960) found a general association between s s s . s * -
Section ofOdontology toothbrushing frequency and the observed standards of dental cleanliness. Mansbridge also reported that children with good standards of dental cleanliness had a lower dental caries prevalence than those whose standards were poor. This relationship was tested in the present groups. It was possible to make fourteen group comparisons, according to age, sex, and area, between children with clean teeth and those with dirty teeth. In all these comparisons the caries prevalence was lower in the 'clean teeth' groups. The benefits of dental cleanliness were equally apparent among the children from high fluoride areas. These observations in themselves do not prove that tooth cleaning per se is a factor that reduces dental caries, but they carry a strong inference that this is so.
Calculus
All the children were classified as having or not having calculus. An unexpectedly high proportion were found to have small quantities of calculus, mostly subgingival, and usually situated behind the lower incisor teeth. About 30 % of the children were affected; there was little difference in prevalence between the sexes, and a slight tendency for an increase in occurrence with age, over this very limited age range. No differences were observed in either prevalence or quantity between children from high and low fluoride areas.
A possible inverse relationship between dental caries and calculus has been reported (Jacobsen & Kesel 1950) . Stones et al. (1950) found no association between the incidence of caries and calculus on different groups of teeth.
Children in the present investigation were arranged in 'with and without' calculus groups and their caries prevalence recalculated on this basis. There was a tendency for a lower caries score in the 'with calculus' children; but some group numbers were seriously reduced by this method of categorization. Further to test the hypothesis 589 11and 12-year-old children were examined in a low fluoride area of Buckinghamshire, where the caries prevalence was similar to that observed in the low fluoride area of East Anglia. Table 1 shows the difference between numbers of decayed, missing and filled teeth in ColouredExtrinsic Stains on the Teeth Children were classified according to the colour of the extrinsic staining on the tooth surface. Forty-four per cent showed coloured staining of some sort; 26 % green, 6 % orange and 12 % black or brown. Boys had more stain of all sorts than girls and the children in the high fluoride areas had a little more dark stain than those in the other groups.
It is interesting to consider the possible relationship of these superficial stains to dental caries. Bibby (1931) and Mellanby (1949) have both shown a negative association between the prevalence of dark extrinsic staining on the teeth and dental caries. Leung(1950) found no such relationship. If the East Anglian subjects were grouped into those having high, average or low caries prevalence a higher proportion of children with dark' stain than with coloured stain fell into the lower caries category, and a lower proportion of those with dark stain than with coloured stain occurred in the higher caries group. The pattern may have been complicated by the occurrence ofmore superficial dark stain in the high fluoride area, so mean DMF figures for children in different stain categories were expressed separately for that area. The result is shown in Table 2 ; the children with dark stain had a lower overall caries prevalence. This agrees with the impressions of dental clinicians, and is a feature that merits further investigation.
Gingivitis
The consistent diagnosis of different degrees of gingivitis presents more difficulty than the consistent diagnosis of dental caries, since the decisions that have to be made during the examination tend to be more subjective; and they may be 23 623 624 Proceedings ofthe Royal Society ofMedicine 24 unduly influenced by the gingival state of the first few cases examined. A standard clinical colour transparency of the anterior part of the mouth has been found (James 1963) to be an accurate method of conducting a gingival survey. The use of such photographs allows 'blind' examination and randomization where these techniques are desirable, and all the cases in comparative surveys can usually be classified at one sitting. This minimizes the risk of a shift in diagnostic standards over a period of time.
In the present investigation no clinical photographs were possible, so a clinical assessment was made at the time of examination. Each child was classified according to gingival health using the modified 'PMA' index described by Parfitt et al. (1958) , and subsequently assigned to a category of gingival health according to the PMA score.
It was found that 60 % of the children had some degree of gingivitis, and 18 % had severe gingivitis, characterized by a recognized level of swelling, redness and tendency to bleed when touched. Girls of this age group were consistently better as regards gingival health than boys, both in prevalence and severity; twice as many boys as girls had severe gingivitis, and half the girls had healthy gingiva against one-third of the boys.
It has been suggested (Massler & Schour 1951 ) that there was a slight association between fluoride and gingivitis and although other workers (Russell 1957 ) have failed to show this trend it was thought to be of interest to investigate this matter on English children. The findings have been reported previously (James et al. 1960) . Briefly, there was no tendency for children in the high fluoride area to show increased prevalence or severity of gingivitis in this sample; in fact the reverse was the case, as is shown in Table 3 . Gingival conditions were found to be significantly related to standards of dental cleanliness. This is no doubt responsible in part for the difference between the boys and the girls. When only the boys and girls classified as having 'clean teeth' are considered in respect of their gingival standards the sex difference in their gingival health disappears. If 'dirty teeth' children are compared in the same way, boys are found to have lower gingival standards than girls. This appears to indicate that under equally unfavourable environmental conditions boys of this age are more prone than girls to gingivitis. Differences in the time of puberty might have a bearing on this. The advantage of adequate toothbrushing and consequent removal of debris from the gingival margins is obvious.
Conclusions
Surveys such as the one described fulfil a useful function not only in ascertaining the state of oral health in different localities but also in testing known or suspected relationships and discovering new ones. It is hoped that research of this kind will become more general and that gaps in our knowledge of prevailing conditions and associated factors will be filled. The introduction of new caries prevention methods makes it desirable to establish existing standards of dental health; without this knowledge it is much more difficult to assess their efficacy. There is considerable variation in caries experience in different areas of the country; some of this is due to fluoride, some to socio-economic differences and some to reasons which have not yet been discovered. Epidemiological work has already provided the key to some dental problems; given the opportunity, it can fulfil much more.
